Abstract: This technical note assesses the widely accepted Thompson's equation used to approximate design resilient modulus (M r ) for lime-stabilized soils from the results of unconfined compressive strength (q u ) testing. There is limited evidence in the literature to support Thompson's equation relating q u and M r for lime-stabilized soils, and other studies have suggested that the relationship provides an excessively conservative approximation for design M r , specifically above q u 5 1,000 kPa. Laboratory M r and q u testing was performed on multiple specimens of three lime-stabilized soils. These data reveal that Thompson's equation provides a lower-bound estimate of M r from q u and that Little's recommended relationship provides a more reasonable match to the data. This study also illustrated a lack of a clear correlation between M r and q u .
Introduction
The 2008 Mechanistic-Empirical Pavement Design Guide, Interim Edition: A Manual of Practice (MEPDG) (AASHTO 2008) , and the Mallela et al. (2004) specification recommendations indicate that the design resilient modulus (M r ) for lime-stabilized subgrade can be approximated from the results of unconfined compressive strength (q u ) tests using Thompson's (1966) 
Eq.
(1), however, was developed by comparing shear strength (kPa) and a secant modulus of elasticity E (MPa) obtained from static, unconsolidated-undrained (UU) triaxial compression tests (Thompson 1966) . Specifically, Eq. (1) is based on q u values from specimens tested at zero confining stress and E values from specimens tested at approximately 100 kPa confining stress. There is only one published study to support the applicability of Eq.
(1) to M r to q u correlation. CTL/ Thompson (1998) performed three M r and q u tests (per AASHTO 1994) on one A-7-6 soil mixed with 6% quicklime. The results were identified as "duplicate" sets of three specimens in the referenced report. Test results generally agree with Thompson's correlation for the q u values obtained between 1,000 and 1,400 kPa (see Fig. 1 ).
Using laboratory and field data, Little et al. (1994) concluded that Eq. (1) is conservative. Little et al. (1994) proposed a relationship between M r and q u based on a comparison of three relationships: Eq. (1), q u versus flexural modulus (Thompson and Figueroa 1989) , and q u versus back-calculated falling weight deflectometer (FWD) modulus (Little et al. 1994) . The relationship presented by Little et al. (1994) is considerably different from Eq. (1) for q u greater than 1,000 kPa (see Fig. 1 ).
This study presents additional laboratory test data for q u . 1,000 kPa to assess the M r to q u relationship recommended in mechanistic-empirical (M-E) design [Eq. (1)] as well as Little's recommended relationship. Testing was conducted on three finegrained soils as part of a broader investigation into q u development of lime-stabilized soils (LSS) during curing (Mooney and Toohey 2010) .
Testing Protocol
The key characteristics of the untreated (natural) soils selected for testing, including both the Unified Soil Classification System (USCS) and the AASHTO classifications, grain size, and plasticity data, are summarized in Table 1 . The soils selected for this study, referred to herein as soils A, B, and C, are equivalent to those designated as soils 4, 5, and 6 in Mooney and Toohey (2010) . Each soil was air-dried and processed over a No. 4 sieve (4.75 mm) in accordance with the standardized approach used to prepare reconstituted specimens for laboratory testing (ASTM 2009). The USCS and AASHTO classifications provided in Table 1 reflect minus No.4 material. Table 1 also presents standard Proctor values (determined in accordance with ASTM 2007) for optimum moisture content, w opt , and maximum dry density, r dðmaxÞ , corresponding to the soils following lime treatment. Soils were treated with powdered quicklime in the laboratory (at approximately 6% of dry soil mass) using a high-speed drill with rotary paddle attachment. Lime-treated specimens 100 mm in diameter by 200 mm tall were prepared to w opt and r dðmaxÞ conditions (see Table 1 ). Specimens were prepared using a procedure commonly employed in industry practice and similar to that used to prepare specimens for resilient modulus testing AASHTO (2007) -that is, four layers, hand tamped. Five limetreated specimens were prepared from each soil and cured for 28 days in sealed bags under 23°C conditions. M r and q u testing was performed on a total of 15 specimens of the lime-treated soils in accordance with AASHTO (2007) . M r values obtained with confining stresses s c 5 14 kPa and 28 kPa at a deviator stress s d 5 41 kPa (per AASHTO 2007) were used in the analysis. Each specimen's q u was determined immediately following M r testing on the same specimens (typical practice because M r testing is nondestructive). These results are designated as q 200 u to reflect the 200-mm-tall specimens and to differentiate from q u tests on 115-mmtall specimens described later. All q u tests were performed at an axial strain rate of 1% per minute, in accordance with ASTM (2004).
Test Results

M r versus q 200
u data from individual specimens of soils A, B, and C are presented in Fig. 2(a) (M r at s c 5 14 kPa) and Fig. 2(b) (M r at s c 5 28 kPa). Thompson's equation and Little's recommendation are shown for comparison. The scatter in the data are considerable. As summarized in Table 2 , the range/mean for both q Although the data are limited in both the number and range over which they were tested, there is no clear correlation between q 200 u and M r (that is, R 2 , 0:05 at both confining stresses) within an individual soil or across the three soils. There is no constitutive or mechanical relationship that links strength and stiffness of geomaterials; their relationship if any is strictly phenomenological. One observation in favor of estimating M r from q Thompson's correlation was developed using specimens with a height-to-diameter ratio ðHDRÞ 5 2; this is consistent with AASHTO (2007) . AASHTO (2010) and ASTM (2004) specify that q u testing is to be performed on specimens having a HDR 5 2. While many agencies-for example, Indiana DOT (2008)-adhere to these specifications, some do not-for example, the Texas DOT uses a specimen HDR of 1.5 (Geiman et al. 2005; Texas DOT 2002) and the Colorado DOT employs a HDR 5 1:15 based on Proctor mold specimens (ASTM 2007) . The use of standard Proctor mold specimens is permitted for q u testing per ASTM (2004) Method B. The practice of using HDR , 2 has grown largely as a matter of convenience.
Given the common use of estimating M r from q u test results from specimens with various HDRs, we investigated the relationship between q 115 u (115-mm-tall specimens) and M r determined from 200-mm-tall specimens. The 115-mm-tall specimens were prepared in accordance with standard Proctor-sized specimen preparation procedures (ASTM 2007) . Three 115-mm-tall specimens were prepared from each of the three soils and subjected to curing durations of 28 days prior to q u testing in accordance with ASTM (2004) Method B. The LSS soil used to create the 115-mm-tall Proctor specimens was the same as that used for the 200-mm-tall specimens, and both specimen sets were prepared to standard Proctor to w opt and r dðmaxÞ . The only difference is that the 115-mm Proctor specimens were subjected to q u directly, while the 200-mmtall specimens were first subjected to M r testing. Because the 115-mm specimens were not subjected to M r testing, the only way to compare is through average values, as shown in Fig. 3 . For the three soils tested, q 115 u was found to be, on average, 10% lower than q 200 u . Fig. 3 shows that the M r versus q 115 u test data plots more closely with Little's recommended relationship.
Conclusions
Laboratory M r and q u testing was performed on multiple specimens of three lime-stabilized soils. An analysis of these data reveal that Thompson's equation provides a lower-bound estimate of M r from q u and that Little's recommended relationship provides a more reasonable match with the data. A comparison of M r versus q 115 u (from 115-mm-tall specimens) with M r versus q 200 u (from 200-mmtall specimens) illustrates that the q u test specimen size does noticeably influence the relationship. The test results also revealed significant scatter and demonstrated the lack of a clear relationship between M r and q u that calls into question the overall practice of estimating design M r from q u test results.
Notation
The following symbols are used in this paper:
E 5 secant modulus of elasticity (MPa); LSS 5 lime-stabilized soil; M r 5 resilient modulus (MPa); q u 5 unconfined compressive strength (kPa); q 
